Adomian decomposition method has been applied to solve many functional equations so far. In this article, this method is applied to solve a famous partial differential equation, called Telegraph equation.
Introduction
Consider an infinitesimal piece of telegraph wire as an electrical circuit, which consists of resistor of resistance Rdx and a coil of inductance Ldx. If i(x, t) is the current through the wire, the voltage across the resistor is iRdx while that across the coil is i t Ldx. Denoting by u(x, t) the voltage at position x and time t. We have that the change in voltage between the ends of the piece of wire is du = −iRdx − i t Ldx (1) Suppose further that current can escape from the wire to ground, either through a resistor of conductance Gdx or through a capacitor of capacitance Cdx. The amount that escapes through the resistor is uGdx. Because the charge on the capacitor is q = uCdx, the amount that escapes from the capac-
With dividing by dx both sides of (1) and (2) and taking the limit dx −→ 0, we get the differential equations
By From ∂ ∂x of (3) and ∂ ∂t of (4), we have:
From (4) and (6), we obtain:
Substituting (7) and (8) into (5) gives:
. Thus
Where u(x, t) is voltage at position x and time t. Also by using ∂ ∂t of (3) and ∂ ∂x of (4), we have:
Where i(x, t) is current through the wire. Equations (10) and (11) are called telegraph equation.
Adomian decomposition method applied to telegraph equation
Consider the following telegraph equation with the indicated initial conditions:
Where u can be voltage or current through the wire. For solving by Adomian decomposition method, pay attention to initial conditions consider operator
.)dtdt and by applying the inverse operator to both sides of (12), we get:
Substituting (13) and (14) into (15), we have:
To solve equation (16) by Adomian decomposition method let, as usual in this method, the solution u as the sum of a series
So that the components u n will be determined recursive and the integrand on the right side as the sum of a series as:
Where A n (u 0 , u 1 , . . . , u n ) are called Adomian polynomials and should be computed. Adomian polynomials have been calculated by using an alternate algorithm for calculating Adomian polynomials [4] . Therefore we have:
Substituting (17) and (19) into (16) yields to:
To determine the components u n (n ≥ 0) we first identify u 0 by terms that arise from the initial conditions at t = 0. Second, the remaining components of u(x, t) can be determined by procedure that each component is determined by using the preceding component. In other words, the method introduces the following recursive relation:
For the first few n, we have:
Therefore the general term will be as:
And the solution is:
The exact solution of equation (12) is now entirely determined. However, in practice all terms of the series Σ ∞ n=0 u n can not be determined; thus we take an approximation of the solution form the truncated series ϕ n = Σ 
